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Respiration rateThis study evaluated oxygen consumption (MO2) and diel activity in Aegla longirostri, Trichodactylus panoplus
and Parastacus brasiliensis (three species of freshwater decapods that occur in sympatry), under two different
conditions of O2 availability, limited and constant; and searched for the existence of a relationship between
these two variables. The Kruskal–Wallis test showed that in all the species, MO2 was higher under constant O2
availability; T. panoplus and P. brasiliensis showed an oxygen-dependent pattern, while A. longirostri showed
higher MO2 values and less variation in the values between the treatments, indicating a higher and more
oxygen-independent metabolism. P. brasiliensiswas more active in constant O2. A. longirostriwas more active
in limited O2 and did not show a clear diel activity in any case, showing behavioral changes when in
unfavorable conditions. The Spearman's rank correlation analysis did not indicate any relationship between
MO2 and activity. These results indicate a higher metabolism in A. longirostri. The less demandingmetabolisms
of P. brasiliensis and T. panoplus allow these species to occupy environments that are unavailable to A.
longirostri due to differences in dissolved-oxygen concentrations.tos).
vier OA license.© 2011 Elsevier Inc. Open access under the Elsevier OA license.1. Introduction
The respiration rate,measuredasoxygen consumption, is commonly
used as an equivalent of the metabolic rate, in both aquatic and
terrestrial animals (Daoud et al., 2007). This rate reﬂects the energy
metabolism, and can also be a precise indicator of the physiological
health of an organism; thus, measurements of the respiration rate may
predict variations that are not observed in ﬁeld studies, with a saving of
time and effort (Dillon and Lynch, 1981; Modlin and Froelich, 1997).
Oxygen consumption has been measured in many species of ﬁshes
and crustaceans (Krogh, 1914, 1934a,b;Holeton, 1972;Macdonald et al.,
1987). Most of these studies focused on the inﬂuence of temperature,
while other factors such as activity and life-history patterns have been
neglected (Kunzmann et al., 2007), even though these parameters are
well known for Decapoda (Waterman, 1960; Turra and Denadai, 2003).
In spite of the considerable amount of literature concerning oxygen
consumption in crustaceans (e.g., Brown et al., 1956; Tashian, 1956;
Wallace, 1972; Bridges and Brand, 1980; Henry et al., 1990), studies
concerning freshwater decapods are done almost exclusively with
crayﬁshes (Fingerman and Lago, 1957; Wiens and Armitage, 1961;
Swain et al., 1987;Wheatly, 1989; Gannon et al., 1999).Very few studieshave examined other groups such as the freshwater brachyurans and
anomuran aeglids, even though these groups comprise the majority of
the Neotropical freshwater decapod diversity (Bond-Buckup and
Buckup, 1989, 1994; Magalhães, 1991). For these latter species, data
on respiratory physiology are almost completely lacking, except for a
few papers (Silva-Castiglioni et al., 2010, 2011).
In southern Brazil, three groups of freshwater decapods are most
commonly found: anomurans of the genus Aegla, brachyurans of the
genus Trichodactylus, and crayﬁshes of the genus Parastacus. These three
groups have similar distributions in South America (Morrone and
Lopretto, 1994) and share somebiological traits, such as a generalist and
opportunist diet and similar habitats (Melo, 2003). Aeglids and
trichodactylids can be found under rocks, submerged tree trunks, or
leaf litter in the open-channel areas of streams; while the crayﬁshes
typically inhabit marshy areas of ﬂoodplains, but are also often found in
creeks, under leaf litter, or in burrows constructed in streambanks.
Occasionally members of all three groups can be found together in the
same location (Buckup and Bond-Buckup, 1999; Melo, 2003).
Our objectivewas to investigate the oxygen consumption (MO2) and
the pattern of diel activity (i.e., activity regulated by dark/light cycles) in
three species of freshwater decapods from the region of Santa Maria,
southern Brazil: Aegla longirostri Bond-Buckup and Buckup, 1994,
Trichodactylus panoplus von Martens, 1869, and Parastacus brasiliensis
(vonMartens, 1869), under twodifferent oxygen availability conditions.
We sought to relate the results to possible adaptations of these animals
to their sympatric occurrence and niches occupied.
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2.1. Collection and maintenance
Individuals of A. longirostri, T. panoplus and P. brasiliensis were
collected. The aeglids and trichodactylids were caught in the Vacacaí-
Mirim River, in SantaMaria, state of Rio Grande do Sul. The parastacids
were obtained in a pond in theMunicipality of Silveira Martins, also in
Rio Grande do Sul, where they occur together with aeglids. Only adult,
intermolt animals with both chelipeds intact were used in the
experiments. All the aeglids collected (N=10) were males, and six
crabs were males and four were females (N=10). The crayﬁsh
(N=10) were not sexed, because individuals of the genus Parastacus
have both male and female gonopores (Almeida and Buckup, 2000).
The animals were stored in water from their environment and then
taken to the laboratory,where theywereweighed (0.01 g), acclimated
for at least ﬁve days in individual aquaria (2 L), and kept in controlled
temperature (18±3 °C) and natural (i.e., without the use of artiﬁcial
light) photoperiod. Food (pieces ofﬁsh)was offered ad libitum, ceasing
1 day prior to the beginning of the experiments.
2.2. Experimental procedure
The animals were divided into two groups of ﬁve individuals
(replicates) for each species. One groupwas assigned to the treatment
with limited oxygen availability (hereafter “LO”), and the other to the
treatment with constant oxygen availability (hereafter “CO”).
For each replicate, the treatment began at 09:00 hs and lasted for
48 h. To determine oxygen consumption (MO2) and activity, a
translucent plastic respiration chamber, measuring 28×14×11 cm
with a volume of 3.4 L, completely ﬁlled with ﬁltered water, without
oxygenation and equipped with a DIGIMED DM-4 oxygen meter was
used. Animals were transferred to the chamber at least 15 h prior to
the beginning of the experiment, to allow them to acclimate to the
chamber and recover from any stress from handling (McMahon,
2001). Behavioral observations were made 0, 12, 24 and 36 h after the
beginning of the experiment, each session lasting 10 min (600 s). A
scoring system was used to evaluate the activity of the crustaceans.
Behavioral categories used were selected from observations made
prior to the experiments. Descriptions and scores for these behaviors
are shown in Table 1.
In LO, dissolved oxygen (DO) was measured every 12 h, from the
beginning of the experiment until its end after 48 h. These measure-
ments were always made after the behavioral observations, to avoid
any effect of handling the chambers on the quantiﬁcation of activity. In
CO, a similar procedure was adopted; however, after each DO mea-
surement, the oxygen in the chambers was replenished to the initial
level, and the DO again measured. This procedure was carried out
slowly and carefully by siphoning, without handling the animals,
because a more rapid procedure could stress them. The water used in
these replenishments came from a reservoir, ﬁlled with water under
the same conditions as the water used to ﬁll the chambers, and was
kept always in oxygen-saturation with the use of aerating pumps. ForTable 1
Description of the behaviors and respective score values adopted for A. longirostri,
P. brasiliensis, and T. panoplus.
Behavior Description Score
1 — Inactivity Absence of any apparent movement or movement
only of the cephalic appendages (antennae,
antennules and/or maxillipods).
0
2 — Low activity Movement of the chelipeds, pereiopods, pleopods,
or short movements of the animal.
1
3—Moderate activity Active movement of the animal through the
chamber.
2
4 — Intense activity Attempt to climb the chamber walls, or tail ﬂipping. 3the observations and measurements made at night, a red light bulb
(40 W) was used, to avoid disturbing the animals (Hazlett, 1966). A
control treatment (C) was also set up, with two replicates, in the same
conditions of LO but without animals, in order to determine any
variation in DO induced bymicrobial activity or the apparatus (Bridges
and Brand, 1980).
2.2.1. Calculation of MO2
In order to determine MO2, we used a formula modiﬁed from
Montagna and Collins (2008), where the amount of DO in the chamber
in a given time (DOt) was subtracted from the DO concentration in the
chamber 12 h prior to this time (DOt−12). Mean oxygen concentra-
tions recorded during the experiments are shown in Table 2. The
variation detected in the control treatment (C) was subtracted from
the resulting value. The result was then divided by 12 (duration, in
hours, of the intervals between the measurements), and then by the




2.2.2. Calculation of activity scores
To determine the scores, intervals of 15 s within each observation
were used, resulting in 40 intervals per observation. In each of these
intervals, the prevailing behavior (i.e., behavior that occurred for at
least 8 of the 15 s analyzed) was considered representative, and the
score corresponding to that behavior was assigned to the interval. The
ﬁnal score is the sum of the number of intervals corresponding to
behavior 2 (c2), plus twice the number of intervals corresponding to
behavior 3 (c3) plus three times the number of intervals corresponding
to behavior 4 (c4), thus representing the activity of the animal during
the 10 min of observation. The scores range from0 (inactive animal) to
120 (maximumactivity). This calculation is represented in the formula
below.
Ativ: = c2 + 2 c3ð Þ + 3 c4ð Þ
2.3. Statistical analyses
The normality of the data was veriﬁed with the Kolmogorov-
Smirnov test (pb0.05). As all data were shown to be non-parametric,
statistical analyses of MO2 and activity scores between species in each
treatment, between treatments (for each species), between day and
night periods (both treatments) and between the ﬁrst and second day
of the experiment (LO only) were performed with a Kruskal–Wallis
test (pb0.05), followed by a post-hocDunn test. The possible existence
of a relationship between MO2 and activity was evaluated with a
Spearman's Rank Correlation, with one correlation for each treatment
of each species. All the analyses were performed using the BioEstat 5.0
software (Ayres et al., 2007).
3. Results
3.1. Intraspeciﬁc comparisons
In the intraspeciﬁc analyses, the Kruskal–Wallis test found sig-
niﬁcant differences (pb0.05) for MO2 between the experimentalTable 2
Mean oxygen concentrations (mgO2.l−1) recorded for each treatment (±SD)
(LO=limited oxygen treatment; CO=constant oxygen treatment).
Species LO CO
P. brasiliensis 1.7±0.84 3.87±0.35
A. longirostri 2.01±0.95 3.72±0.48
T. panoplus 3.26±0.49 3.84±0.41
Table 3
Mean mass (g) per species of the individuals used in each treatment (±SD)
(LO=limited oxygen treatment; CO=constant oxygen treatment).
Species LO CO
P. brasiliensis 10.7±4.18 8.38±7.84
A. longirostri 3.63±0.62 3.96±1.65
T. panoplus 3.65±1.1 3.31±1.23
Fig. 2. Comparison of MO2 values between the two days of limited oxygen treatment for
the three species analyzed. White bars represent the ﬁrst day, and gray bars represent
the second day; (*) indicates statistically signiﬁcant (pb0.05) differences between the
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day of LO treatment, statistically signiﬁcant differences were found for
P. brasiliensis and T. panoplus, and were higher on the ﬁrst day for both
species (Fig. 2). In the CO treatment, the MO2 value was higher during
the night for T. panoplus.
Regarding activity, A. longirostri was signiﬁcantly more active in
limited oxygen. For P. brasiliensis, differences were observed between
the treatments (Fig. 3) and between the day and night periods of the
CO treatment, being higher in the CO treatment than in LO, and within
CO, higher at night than during the day. In T. panoplus there was a
signiﬁcant difference only between the night and daytime of the CO
treatment, with a higher activity level at night. The values of H and p
for the Kruskal–Wallis tests are shown in Table 4.two days, for each species (N=5 for each species).3.2. Interspeciﬁc comparisons
In the interspeciﬁc analysis, the only signiﬁcant difference forMO2,
in the LO treatment was for A. longirostri (H=7.2752; pb0.05), which
showed higher values than P. brasiliensis. In the CO treatment,
P. brasiliensis showed a statistically lower value (H=8.0607; pb0.05,
in both cases) than A. longirostri and T. panoplus, but no difference
among these latter two was found.
Concerning activity, in the treatment with limited oxygen,
A. longirostriwas more active (H=10.2069; pb0.05) than T. panoplus.
In the constant oxygen treatment, only P. brasiliensis was more active
(H=10.4420; pb0.05) than A. longirostri. There were no statistically
signiﬁcant correlations between MO2 and activity for any of the
species in either of the treatments or any of the time periods (pN0.05;
rsb0.3174, in all cases).Fig. 1. MO2 values under different experimental conditions. White bars=limited
oxygen treatment; gray bars=constant oxygen treatment; P=P. brasiliensis; A=
A. longirostri; T=T. panoplus; (N=5 for each species in each treatment). Heights of the
bars indicate the minimum and maximum values reached by each species, horizontal
bars indicate the median, and the vertical lines indicate the quartiles. (*) indicates a
statistically signiﬁcant difference (pb0.05) between the treatments, and (a, b, c, d)
indicate signiﬁcant (pb0.05) differences between the species, within each treatment.4. Discussion
All the species used in the present study reacted to constant oxygen
availability with an increase in their metabolism. Trichodactylus
panoplus showed the greatest variation in MO2 between the treat-
ments (mean 0.0142±0.017 and 0.0588±0.044 mgO2.g−1.h−1, for
LO and CO, respectively), and also between the two days of LO
treatment (mean 0.0221±0.019 and 0.0062±0.011 mgO2.g-1.h-1, for
days 1 and 2, respectively), which would characterize this species as
strongly oxygen-dependent (Dejours, 1975). Oxy-conformers, such as
this crab, can shift to a hypometabolism when facing decreasing DO
concentrations (Morris and Callaghan, 1998a). The drop of the MO2 to
near zero on the second day of LO treatment (Fig. 3), while oxygenwas
still available in the chamber (more than half the value recorded at theFig. 3. Values of the activity scores for different experimental conditions: White
bars=limited oxygen treatment; gray bars=constant oxygen treatment; P=
P. brasiliensis; A=A. longirostri; T=T. panoplus; (N=5 for each species in each
treatment). Height of the bars indicates the minimum and maximum values reached by
each species, the horizontal bars indicate the median, and the vertical lines indicate the
quartiles; (*) indicates statistically signiﬁcant (pb0.05) differences between treatments.
Table 4
Values of p and H for the intraspeciﬁc Kruskal–Wallis analysis. P=P. brasiliensis; A=
A. longirostri; T=T. panoplus; LO (limited oxygen) and CO (constant oxygen) indicate
treatments; 1 and 2 indicate the different days of LO treatment; Ld and Ln indicate day
and night periods of LO treatment; Cd and Cn indicate day and night periods of CO
treatment. Statistically signiﬁcant (pN0.05) values in bold.
Test MO2 Activity
p H p H
PLO x PCO 0.0029 8.8553 0.0086 6.8995
P1 x P2 0.0051 7.8287 0.6762 0.1744
PLd x PLn 0.1508 2.0644 0.2877 1.1302
PCd x PCn 0.9698 0.0014 0.021 5.3237
ALO x ACO 0.011 6.4672 0.0071 7.2545
A1 x A2 0.1988 1.6514 0.2532 1.3053
ALd x ALn 0.0452 4.0129 0.7318 0.1175
ACd x ACn 0.5204 0.4132 0.5693 0.3239
TLO x TCO 0.0006 11.7123 0.1164 2.4652
T1 x T2 0.0233 5.1467 0.8201 0.0517
TLd x TLn 0.2121 1.5569 0.9396 0.0057
TCd x TCn 0.0057 0.9397 0.0046 8.0418
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possible strategy of this species to reduce its metabolism when facing
unfavorable conditions.
Some marine and freshwater crustaceans can show a totally
anaerobic metabolism under certain conditions (Felder, 1979; Fanjul-
Moles et al., 1998). Bridges and Brand (1980) investigated oxygen
consumption in Corystes cassivelaunus, a sedentary brachyuran
species, and found that, in certain conditions, such as the absence of
any apparent resource, this species can lower its metabolism (i.e.,
oxygen consumption) to zero, even if oxygen is still available in the
environment. Zimmermann et al. (2009), studying the behavior of
T. panoplus under laboratory conditions, observed that this crab
remains immobile most of the time, probably as part of a strategy to
avoid predation. If this assumption is correct, then it is also possible
that this species showed a lower metabolism on the second day of LO
simply because there were no resources in the chamber that would
motivate the crab to change position. The only difference in activity
found for T. panopluswas the predominantly nocturnal activity in the
CO treatment. This result corresponds to the normal activity pattern of
this species (Zimmermann et al., 2009), and the fact that it was not
observed under restricted oxygen availability suggests that this
species may show an atypical behavior pattern in adverse conditions,
such as DO scarcity. However, to determine whether this change is
due to the limitation of DO or to the absence of other resources, more
speciﬁc studies are needed.
Parastacus brasiliensis showed the lowest oxygen demand, in both
treatments, and also showed an oxygen-dependent metabolism,
clearly decreasing MO2 as available DO diminished, for both values
between treatments andwithin the two days of LO treatment. A lower
metabolic rate, even in constant oxygen availability, is compatiblewith
its typical habitat in lentic and marshy environments or small lotic
systems; it is absent from larger, faster-ﬂowing waterbodies (Buckup
and Rossi, 1980).
Furthermore, Silva-Castiglioni et al. (2010, 2011) investigated the
adaptations of P. brasiliensis and P. defossus to hypoxia and post-
hypoxia recovery, and found that, even though the latter species was
better adapted, both had adaptations to low DO concentrations. In this
study, the crayﬁsh showed the lowest MO2 values compared to the
other species, as has been previously reported when comparing a
burrowing species of crayﬁsh to an open-water one (Swain et al.,
1987). In general, P. brasiliensis showedmarkedly lowMO2 values, and
clearly behaved as an oxy-conformer species in a very similar way to
that reported for other species of crayﬁshes that also show burrowing
activity, such as Procambarus clarkii (Gutiérrez-Yurrita and Montes,
1998) and Cherax destructor (Morris and Callaghan, 1998a,b),indicating that this species is probably well adapted to hypoxic
conditions.
The activity pattern of P. brasiliensis shows that this species is more
active with constant oxygen availability, and showed a normal activity
pattern (i.e., preferably nocturnal, according to Buckup and Bond-
Buckup, 1999) only in the CO treatment; this patternwas absent in LO.
These results indicate possible adaptations to hypoxic environments,
such as reduced activity and changes in diel activity. Similar changes
have been reported previously for other decapods, including
porcellanids, galatheids and brachyurans, among others (Rosenberg
et al., 1991; Haselmair et al., 2010).
Aeglids are well known for inhabiting clear and well-oxygenated
waters (Bond-Buckup and Buckup, 1994), but so far no study has
actually veriﬁed such a requirement for highly oxygenated waters. In
the present study, A. longirostri showed the highestMO2 values in both
treatments, and in contrast to the other two species, showed no
differences in consumption between the two days of the LO treatment,
and showed the proportionately smallest difference in theMO2 values
among the treatments. These data strongly indicate a more oxygen-
independent pattern, differently from the other two decapods inves-
tigated, whichwere clearly oxy-dependent. The data also indicate that
this aeglid has a high metabolic rate compared to the crab and the
crayﬁsh, which could improve its success in environments where
oxygen saturation levels are high, in a similar way as reported by
Swain et al. (1987) when comparing a burrowing (Parastacoides
tasmanicus) with a stream-dwelling (Astacopsis franklinii) crayﬁsh and
by Bridges and Brand (1980) when comparing burrowing (Corystes
cassivelaunus andNephrops norvegicus)with non-burrowing (Galathea
strigosa and Pagurus bernhardus) decapods. This could explain its
higher abundance, in relation to trichodactylids and parastacids, in the
streams of the southern Neotropical region (Buckup and Rossi, 1980;
Magalhães, 1991), and also its apparent restriction towell-oxygenated
streams (Bond-Buckup and Buckup, 1994).
A similar situationwas studiedbyWiens andArmitage (1961),who
compared the MO2 of two species of crayﬁsh with different life habits,
Orconectes immunis, an inhabitant of temporary pondswith burrowing
habits; and Orconectes nais (later proven to be O. virilis), which occurs
in typically lotic, open environments. The authors concluded that
O. virilis does not possess adaptations to tolerate the typical conditions
of the environment of O. immunis, such as hypoxia and ﬂuctuating
temperature, and consequently would be excluded from this habitat,
which would help to explain some differences in the life histories of
these species. These results were further conﬁrmed by Bovbjerg
(1970), who attempted to identify some factors that could explain the
distribution patterns of these two crayﬁshes.
The factors related to the spatial distribution of O. virilis and
O. immunis may be similar to those accounted for the occupation of
microhabitats by freshwater decapods in southern Brazil, particularly
P. brasiliensis and A. longirostri, which occupy different niches but are
present in the same macro-region (including the banks, margins, and
open-channel areas of streams).
Bovbjerg (1970) found that O. virilis is dominant over O. immunis,
overwhelming the latter when both species co-occur. However,
O. immunis is better adapted to hypoxia and desiccation (i.e., drying
of temporary ponds), allowing this species, even though it is competi-
tively inferior, to occupy environments that are unavailable toO. virilis.
The present study is not as broad as Bovbjerg's and is insufﬁcient to
support a similar conclusion for the South American species, although
it provides strong cues that such a situation is possible, especially
when we compare A. longirostri with P. brasiliensis.
The activity pattern of A. longirostri in this study was atypical,
contrary to the expectations that activity would increase, or remain
the same, as metabolism increases; it actually showed lower activity
with a constant DO availability. This means that, either the aeglids,
although they maintain a stable MO2 in lower DO conditions, are
unable to tolerate such a situation for long, and therefore their activity
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the chamber (behavior responsible for the higher activity scores); or
alternatively, that this species increases its activity in hypoxic
conditions, attempting to increase ventilation as a compensatory
behavioral mechanism (McMahon and Wilkes, 1983). An interesting
ﬁnding is the absence of a clear diel activity in both treatments,
considering that A. longirostri is preferably nocturnal (Sokolowicz
et al., 2007). Haselmair et al. (2010) investigated behavioral changes
and mortality induced by hypoxia in a group of marine decapods, and
found that, although all the species showed behavioral changes due to
hypoxia, anomurans (porcellanids and galatheids) were the ﬁrst to
change their behaviors due to hypoxia, and also the ﬁrst to die due to
anoxia. Furthermore, previous testing of our methods showed that
aeglids kept in chambers for 72 h showed clear signs of stress, and
frequently became catatonic and eventually died, even if returned to
normoxic conditions. Considering this mortality, plus the fact that the
aeglids showed neither a clear oxy-conformer nor an oxy-regulator
pattern, it seems more likely that A. longirostri, in contrast to eco-
logically similar species of crayﬁsh such as Orconectes rusticus
(McMahon and Wilkes, 1983) and three species of Austropotamobius
(Demers et al., 2006), cannot withstand prolonged periods of hypoxia,
and therefore their activity increases as they attempt to leave hypoxic
water.
Few studies have investigated the relationship between MO2 and
activity in crustaceans. Kunzmann et al. (2007) studied these variables
in Scylla serrata, an estuarine crab, and found no relationship between
metabolism and activity. They attributed this situation to a specialized
way of life in this species, in which activity would be spontaneous and
independent of metabolism. In the present study, it is difﬁcult to
identify a clear activity pattern for any of the three species that would
agree with the conclusions of Kunzmann et al. (2007). In marine
invertebrates, it has been demonstrated thatDO concentrations clearly
inﬂuence behavior (Riedel et al., 2008; Haselmair et al., 2010).
Considering this, it seems more likely that DO, and not MO2, is linked
to activity patterns.
This is a pioneer study on the respiratory physiology of South
American freshwater decapods, with special regard to aeglids and
trichodactylids. Many aspects of the biology and physiology of these
animals remainunknown,which severely limits the conclusions of this
study. Comparisons with existing literature must be made with care
because, asmentioned by Bridges andBrand (1980), such comparisons
are hardly worthwhile because many authors use different methods,
which can even lead to different results for the same species (Spoek,
1974). In addition, McMahon (2001) in his review of adaptations of
crustaceans to hypoxia, mentioned that many of the studies prior to
the 1960s produced results that contradict results from more recent
experiments. The author alsomentioned that these differences are due
to the methods adopted.
5. Conclusions
Three trends could be clearly identiﬁedwithin this study, providing
a broad basis for future studies: 1 — lower metabolism and high
oxygendependence in P. brasiliensis, probably an adaptation tomarshy
environments. 2 — greater plasticity in the metabolism of T. panoplus
compared to the other two species investigated, allowing it to occupy
habitats with higher or lower oxygen availability with considerable
efﬁciency. There are also strong indications of the existence of an
anaerobic metabolism in these crabs. 3 — higher and more oxygen-
independent metabolism in A. longirostri, but without reaching a true
oxy-regulator pattern, indicating that this species has a higher
metabolic rate than T. panoplus and P. brasiliensis, but is probably
restricted by certain environmental conditions (i.e., well-oxygenated
waters). In addition, it is most likely incapable of maintaining this
metabolism for prolonged periods when oxygen availability is
restricted, as suggested by the atypical activity patterns observed.Acknowledgments
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